Recently we found that, in non-dipper type of essential hypertensive patients who showed the lack of nocturnal fall in blood pressure, circadian rhythm of urinary sodium excretion rate was disturbed. In the present study we examined whether postural change in natriuresis is also disturbed in non-dippers. Sixteen inpatients with essential hypertension were maintained on a relatively high sodium diet containing 10 to 12 g of NaCl per day for 8 days. On the 7th day of the study period, 24-h ambulatory blood pressures were measured, and 5-7th days urinary samples were collected for both daytime and night-time. On the last day of the study period, patients stood for 2 h and then lay down for 2 h. Urinary volume and excretion rates of creatinine and sodium
Introduction
Some patients with essential hypertension whose blood pressure (BP) fails to fall during the night (non-dippers) are reported to be associated with more serious target organ damage by hypertension such as left ventricular hypertrophy, microalbuminuria and cerebrovascular disease, than those with a normal nocturnal BP fall (dippers). [1] [2] [3] [4] [5] [6] [7] The mechanism of abnormal BP rhythm in non-dipper type of essential hypertension remains unclear. Recently, we found that BP failed to fall during the night in patients with sodium-sensitive type of essential hypertension, 8 and we also showed that both sodium restriction and diuretics shifted circadian rhythm of BP from non-dipper to dipper in patients with essential hypertension. [9] [10] [11] In addition, we found that the circadian rhythm of renal sodium excretion was disturbed in non-dipper type of essen-were measured every hour in both positions. Night-time urinary sodium excretion rate was significantly higher in non-dippers (n ‫؍‬ 9) than that in dippers (n ‫؍‬ 7). Night/day ratio of mean arterial pressure had a positive relationship with night/day ratio of urinary sodium excretion rate. In non-dippers, but not in dippers, the mean value of U Na V during upright position was significantly lower than that during supine position. There was a significantly negative relationship between upright/supine ratio of U Na V and night/day ratio of MAP or night/day ratio of U Na V. In patients with non-dipper type of essential hypertension, both natriuresis patterns, circadian rhythm and postural change, were disturbed. Journal of Human Hypertension (2001) 15, 323-327 tial hypertension. 12 Thus, the renal handling of sodium may play a key role in the regulation of diurnal blood pressure rhythm. It is well known that urinary sodium excretion is increased by postural change from upright to supine in normal subjects. 13 However, to our knowledge, this postural effect has never been related directly with diurnal patterns of BP and renal sodium excretion in patients with essential hypertension
In the present study, therefore, we examined circadian rhythm of urinary sodium excretion rate and effects of postural change on natriuresis in both dipper and non-dipper types of essential hypertension.
Patients and methods

Patients
Sixteen hypertensive patients aged Ͻ70 years, all of whom had given their informed consent, were studied in the National Cardiovascular Center Hospital. Hypertension was defined as mean office systolic BP (SBP) у140 mm Hg and/or mean office diastolic BP (DBP) у90 mm Hg on at least three different visits of outpatient clinics of the hospital. We excluded from this study those with obvious present illness or a past history of coronary artery disease, stroke, congestive heart failure, diabetes mellitus, liver disease or renal disease. Patients with orthostatic hypotension were also excluded from this study. Orthostatic hypotension was defined as a drop in SBP у20 mm Hg from the supine to the standing position at 3 min or a drop in DBP у10 mm Hg on standing, or both.
14 Antihypertensive drugs were discontinued at least 2 weeks before hospitalisation until the completion of the study period. No patients were treated with diuretics for at least 6 months before hospitalisation. Physical and laboratory examinations performed during the initial hospitalisation were normal or consistent with World Health Organization stages I and II. After the initial 1-to 2-week hospitalisation, during which BP was stabilised, patients were subjected to the following study protocol.
Study protocol
Patients were maintained on a relatively high sodium diet containing 10 to 12 g per day for 8 days.
On the 7th day of the study period, 24-h BP was measured every half an hour noninvasively with an automatic device (model ES-A531, Terumo, Japan) as previously reported. 11, 12 Mean arterial pressure (MAP) was calculated as diastolic BP plus one-third of pulse BP. The daytime BP was calculated as the average of the 33 readings between 07.00 and 21.30, while night-time BP as the average of the remaining 15 readings. The nocturnal fall in MAP was calculated as the difference between daytime and nighttime MAP. Patients, whose nocturnal fall in MAP was more than 10% from daytime to night-time, were classified as dipper while the remaining patients as non-dipper as described in our previous report. 12 Urinary volume as well as excretion rates of creatinine (U Cr V) and sodium (U Na V) were measured for daytime (07.00 to 21.30) and night-time (21.30 to 07.00) on the 5th to 7th days of the study period.
On the last day of the study period, after 24-h ambulatory BP measurements were completed, patients were asked to drink tap water (10 ml/kg) over 30 min to secure an adequate urine volume. After complete urination, patients stood for 2 h from 08.00 to 10.00. Subsequently, patients lay down for 2 h from 10.00 to 12.00. Urine was collected every hour and urinary volume as well as excretion rates of creatinine (U Cr V) and sodium (U Na V) were measured. BP and heart rate were measured every 10 min from 08.00 to 12.00. Blood samples were collected around 07.00 on the 8th day.
Statistical analysis
Results are expressed as the mean ± s.d. Significance of differences in parameters between dippers and non-dippers were determined by Student's t-test for non-paired samples and by 2 -test on an appropriate basis. Significance of differences between daytime and night-time were determined by Student's t-test for paired samples. The correlation was obtained by the non-parametric estimate using Spearman Rank test. Statistical significance was defined as P Ͻ 0.05 for the above analyses. Significance of the effects of postural change on BP, heart rate, urinary volume, U cr V and U Na V in dippers and non-dippers was tested by repeated measure analysis of variance followed by Scheffe post hoc test for multiple comparisons and P Ͻ 0.025 was considered statistically significant.
Results
Among 16 patients with essential hypertension, seven were classified as dipper while nine as nondipper. No significant differences were detected in age (51 ± 10 vs 50 ± 11 years), sex distribution (male/female: 5/2 vs 8/1), serum creatinine concentration (80 ± 21 vs 87 ± 19 mol/l) or body mass index (25 ± 4 vs 24 ± 3 kg/m 2 ) between dippers and non-dippers. Neither 24-h averages of MAP (102 ± 7 vs 103 ± 18 mm Hg), whole day U Na V (158 ± 51 vs 189 ± 65 mmol/day), whole day U Cr V (126 ± 28 vs 127 ± 22 mmol/day) nor 24-h endogenous creatinine clearance (111 ± 17 vs 104 ± 13 ml/min/1.73 m 2 ) differed between dippers and non-dippers.
BP, heart rate, urinary volume, U Cr V and U Na V during daytime and night-time are shown in Table 1 . In dippers, but not in non-dippers, significant nocturnal SBP fall from daytime to night-time was recognised. DBP, MAP and heart rate were significantly reduced from day to night in both types. There were no significant differences between dippers and non-dippers in BP and heart rate values during either daytime or night-time. During nighttime, the mean values of urinary volume and U Na V were significantly greater in non-dippers than in dippers. In dippers, but not in non-dippers, U Na V and U Cr V were significantly reduced from daytime to night-time. Night/day ratio of U Na V had a positive relationship with night/day ratio of MAP (Spearman Rank correlation was 0.90, P = 0.0005).
Before standing, BP and heart rate were no different between dippers and non-dippers (SBP: 131 ± 10 vs 132 ± 22 mm Hg, DBP: 84 ± 7 vs 86 ± 12 mm Hg, heart rate: 56 ± 4 vs 59 ± 8 bpm, respectively). The postural changes in BP and heart rate are shown in Table 2 . BP values and heat rate were not different between dippers and non-dippers in upright or supine posture. In both groups, BP was not affected by postural change, while heart rate was significantly elevated in the upright period 0-60 min than in the supine period 60-120 min. In non-dippers, but not in dippers, mean value of heart rate was significantly lower in lying than in standing position.
As shown in Table 3 , in both types urinary volume increased significantly in the supine posture. In nondippers, but not in dippers, U Cr V was significantly higher in the supine period 60-120 min than that in Table 1 Diurnal variations in blood pressure, heart rate, urinary volume, urinary excretion rates of creatinine and sodium in dipper and non-dipper types of essential hypertension
Non-dibbers (n = 9) ) dippers 101 ± 4 9 8 ± 5 100 ± 5 101 ± 8 9 9 ± 6 100 ± 6 non-dippers 103 ± 14 102 ± 13 101 ± 11 104 ± 15 99 ± 18 99 ± 11 Heart rate (bpm) dippers 67 ± 4 5 8 ± 5 6 3 ± 4 6 1 ± 7 5 7 ± 7* 59 ± 6 non-dippers 72 ± 9 6 7 ± 11 70 ± 9 6 2 ± 8 5 9 ± 9* 61 ± 8 † SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure. *, †P Ͻ 0.025 vs upright period 0-60 min or mean values during upright position, respectively. 2.6 ± 0.9 1.4 ± 0.9 2.0 ± 0.8 6.3 ± 2.0* † 7.8 ± 1.1* † 7.0 ± 1.5 ‡ UV, urinary volume; U Cr V, urinary creatinine excretion rate; U Na V, urinary sodium excretion rate. *, †, ‡ P Ͻ 0.025 vs upright period 0-60 min, 60-120 min or mean values during upright position, respectively.
Figure 1
Relationships between night/day ratio of MAP (mm Hg; (a) or U Na V (mmol/hour; (b)) and upright/supine ratio of U Na V. The non-parametric estimate using Spearman Rank correlations were −0.74, P = 0.004 (a) and −0.88, P = 0.0007 (b). MAP, mean arterial pressure; U Na V, urinary sodium excretion rate.
the upright period 0-60 min. In non-dippers, during the upright posture, mean value of U Cr V was significantly lower than that during the supine posture. Urinary volume and U Cr V did not differ significantly between dippers and non-dippers. In both types, the mean values of U Na V were significantly increased from standing to supine position. In addition, in both types, U Na V was higher in the prolonged supine position (supine period 60-120 min) when compared with the prolonged upright position (upright period 60-120 min). However, in non-dippers, but not in dippers, U Na V promptly increased within 60 min after lying down beyond the standing value. U Na V was significantly lower within 60 min and tended to be lower on the prolonged period (60-120 min) after standing in non-dippers than that in dippers.
As shown in Figure 1a , there was a negative relationship between night/day ratio of MAP and upright/supine ratio of U Na V. In addition, as shown in Figure 1b , there was a negative relationship between night/day ratio of U Na V and upright/supine ratio of U Na V.
Discussion
Our present study, which is an extension of our previous one, 12 also showed that the circadian rhythm in natriuresis was disturbed in patients with nondipper type of essential hypertension. In addition the present study showed the postural change in U Na V was disturbed, as well as the circadian rhythms of natriuresis and BP, in non-dippers. It is well known that U Na V in normal subjects is moderately decreased from supine position to standing position. 13 In the present study, mean values of U Na V during 2 h standing was significantly lower than that in the supine posture in both types of essential hypertension. However, the postural change in U Na V in non-dippers was disturbed when compared with dippers. In fact, U Na V was significantly lower within 60 min and tended to be lower on the prolonged period (60-120 min) after standing in non-dippers than that in dippers. The mean value of U Na V during upright posture was also significantly lower in non-dippers than that in dippers. Thus, the upright posture, in both the short and long term, causes a greater decrease in U Na V in nondipper type of essential hypertension.
It is reported from 48-h ambulatory BP monitoring that the percent of nocturnal decrease in systolic and diastolic BPs were highly reproducible despite that the classification of dipper and non-dipper fluctuates between 2 successive days. 15 We investigated the effect of posture on renal sodium handling, and found that upright/supine ratio of U Na V had significantly negative relationships with night/day ratios of both U Na V and MAP. These findings suggest that, regardless of the definition and classification of dipper and non-dipper, night/day ratio of U Na V increased and upright/supine ratio of U Na V decreased as the nocturnal BP decline decreased.
Our results suggest that the following sequence of events occurs in non-dippers: natriuresis during daytime is reduced, as reflected by the reduced capability of sodium excretion in the upright position, and MAP during night-time is elevated to compensate for diminished natriuresis during daytime and to cause enhanced natriuresis. Recently, we examined the effect of diuretics on the circadian BP rhythm in patients with essential hypertension classified into two groups according to the degree of nocturnal BP reduction.
11 Twenty-one patients with essential hypertension entered a baseline period and a hydrochlorothiazide (25 mg daily) treatment period of 4 weeks each. In dippers, nocturnal MAP fall was not affected by diuretic therapy. In non-dippers, on the other hand, nocturnal MAP fall was significantly enhanced by diuretic therapy, since there was an interaction between the effects on MAP of diuretic therapy and nocturnal fall. The fact that diuretic therapy normalised the circadian BP rhythm of non-dippers, also supports the importance of the kidney and its sodium excretory capability in the loss of nocturnal BP dip. Diuretics may normalise the disturbance of diurnal rhythm of BP, at least in part, by normalisation of diminished sodium excretion induced by upright position during the daytime.
In patients with orthostatic hypotension, diurnal rhythms of BP and natriuresis were reported to be disturbed. [16] [17] [18] However, in the present study, which excluded patients with orthostatic hypotension, mean values of systolic BP, diastolic BP and MAP were not affected by postural change. Thus, postural change in systemic haemodynamics would not probably play a key role in the difference of the postural changes in natriuresis patterns between dippers and non-dippers. We showed previously that nocturnal fall in BP [8] [9] [10] and renal function reserve in response to chronic protein load 19 was impaired in salt-sensi-
